Synthesis, crystal structure and magnetic properties of a novel
one-dimensional heterobimetallic polymer [{Co(dpa)(DMF)
(u-SCN);Ag},.] [dpa = bis(2-pyridyl)amine ]
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The synthesis and X-ray characterization of a novel one-dimensional polymeric chain of cobalt(i) and silver(r)
heteronuclear complexes with three different bridging thiocyanate groups are reported. The two-dimensional
network is formed through hydrogen-bonding interactions of N(3)—H(1) - - - S(3) between different chains.

Crystal engineering and the design of solid-state architectures
have attracted considerable attention over recent years.'—3
Much study has been centered upon the use of supramolecu-
lar contacts and in particular hydrogen bonding between suit-
able organic molecules to generate multi-dimensional arrays
and networks. Inorganic supramolecular chemistry has been
less well developed.*-* Different network topologies have been
developed through ligand design and the use of different
transition-metal coordination numbers; this has resulted in a
wide variety of structural motifs, and major advances have
been made in both their theoretical descriptions and their
application as new materials.'~® Silver(1) complexes with some
soft ligands or 4,4'-bipyridyl ligands give rise to interesting
polymer arrays.>—¢-8

The properties of magneto-structural complexes with pseu-
dohalide bridges are also of great interest.” However, there are
few reports on cobalt(n) and other divalent first-row
transition-metal complexes with bridging thiocyanate groups.
Owing to the two different donor groups (N and S) within it,
the thiocyanate has less versatility and is less efficient as a
transmitter of magnetic interactions than the azide. It is also
well-known that silver(1) ions are classified as extremely soft
acids favouring coordination to soft bases, such as S and
unsaturated N-containing ligands.

In this work, we report the synthesis and structural charac-
terization of a new kind of heterometallic (Co™ and Ag') poly-
meric network with thiocyanate bridges via self-assembly
arising most likely from the efficiency of metal-directed reac-
tions.

The starting material in our preparation is the tricobalt
complex, [Cos(dpa),Cl,] [dpa = bis(2-pyridyl)amido], the
structure of which shows fully Co—Co bonding.!® To a
CH;OH-CH;CN (1:1) solution of [Cos(dpa),Cl,],
AgCF;S0; and an excess of NH,SCN in methanol were added.
A solid was obtained and then dissolved in DMF. Red
crystals of heterometallic polymeric complex [{Co(dpa)(DMF)-
(SCN),Ag},] were formed after evaporation of the DMF
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solution. X-Ray crystallography unequivocally confirmed the
one-dimensional infinite-chain structure.}

The observed electronic spectrum, measured in DMF solu-
tion, exhibits absorption maxima at A/nm (/M cm™})
268(1.2 x 10%), 315(9.3 x 10%), 323(sh, 8.4 x 10%) and a very
weak peak at ca. 630 nm. The solid-state powder spectrum
shows a much sharper absorption band at ca. 630 nm, which
may be assigned to be d-d transition. This suggests that the
polymer structure may be retained in solution.

The IR spectrum of the complex shows three strong absorp-
tion bands at 2120, 2112 and 2095 cm . According to Curtis,
they are assigned to the stretching vibration of C=N of the
three thiocyanate ligands.!! The N—H stretching vibration in
the dpa ligand is at 3300 cm ™ !. A strong single peak at 1658
cm ! is assigned to the CO stretching vibration in the coordi-

t Experimental: A solution of AgCF;SO; (154 mg, 0.60 mmol) was
added to 40 ml CH;OH-CH;CN (1: 1) solution of [Cos(dpa),Cl,]
(93 mg, 0.10 mmol). An excess of NH,SCN in methanol was then
dropped into the mixture at room temperature. A solid was obtained
and dissolved in DMF at 90°C. The DMF solution was evaporated
at room temperature, and red crystals of the heterometallic polymeric
complex [{Co(dpa)(DMF)(SCN),Ag},] 1 were formed. Calcd for
C,6H,sAgCoN,OS; : C, 32.83; H, 2.76; N, 16.75; found: C, 32.67; H,
2.87; N, 16.56%. IR (KBr pellet, /cm~1): 3300, 2120, 2112, 2095, 1658,
1628, 1585, 1473, 1434, 1359, 1233, 1159, 1009, 770, 682, 527, 458 and
422.

1 Crystal data for 1. C;H;4,AgCoN,OS;, M = 585.34, triclinic, space
group PI; 0.52 x 0.36 x 0.20 mm?3; a = 8.0471(1), b = 11.0249(1),
c=132676(2) A, a=72853(1), P=76486(1), v =78.713(1),
U =1083382) A%, Z=2, D, =1.794 g cm™3, A(Mo-Ka) = 0.71073
A p(Mo-Ka) = 19.81 cm~'. The intensity data were collected at
293(2) K on a Siemens SMART CCD diffractometer with a detector
distance of 4 cm and frame exposure time of 30 s. The structure was
solved by direct methods and refined on F? by full-matrix least-
squares methods using SHELXTL software, with 4780 unique absorp-
tion corrected (empirical, T, = 0.466, T,,. = 0.741) reflections. All
non-hydrogen atoms were anisotropically refined. The refinement
converged at R = 0.0304 and wR = 0.0764 for a total of 326 param-
eters and 4264 observed reflections with [ > 2.05(I)]. Atomic coordi-
nates, bond lengths and angles have been deposited at the Cambridge
Crystallographic Data Centre (CCDC) reference number 440/044. See
information for Authors, Issue No. 1.
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Fig.1 ORTEP view of the complex 1. Selected bond distances (A)
and angles (°): Ag(1)—S(1) 2.6805(7), Ag(1)—S(1)® 2.7153(7),
Ag(1)—S(2)® 2.5164(9), Ag(1)—S(3) 2.5285(8), Co(1)—N(2) 2.106(2),
Co(1)—N(4) 2.108(2), Co(1)—N(6) 2.111(2), Co(1)—O(1) 2.115(2),
Co(1)—N(1) 2.130(2), Co(1)—N(7) 2.2052); S(2)*—Ag(1)—S(3)
123.35(3), S(2)*—Ag(1)—S(1) 96.06(3), S(3)—Ag(1)—S(1) 122.69(2),
S(2)*—Ag(1)—S(1)* 113.33(3), S(3)—Ag(1)—S(1)® 105.51(2), S(1)—
Ag(1)—S(1)* 91.90(2), N(4)—Co(1)—N(7) 84.23(9), N(4)—Co(1)—N(6)
92.12(10), N(7)—Co(1)—0O(1) 84.67(9), S(1)—C(11)—N(4) 179.0(2),
S(3)—C(13)—N(7) 178.3(2), S(2)—C(12)—N(6) 177.1(3). Symmetry
transformations used to generate equivalent atoms: (a) x, y + 1, z; (b)
—-x,—y+1,—-z+1

nated DMF molecule. There are two peaks, at 770(vs) and
746(sh, m) cm !, which means the coordination modes of the
sulfur atoms in the three bridging thiocyanate ligands are dif-
ferent. The result can be confirmed by structure analysis as
described later.

The coordination tetrahedron around the Ag atom formed
by the two terminal S (end to end) and p-atoms S [S(1),
end-on] in the thiocyanate groups, is distorted, the coordi-
nation angles ranging from 91.90(2) to 123.35(3)°. To our
knowledge, this is the first case of a complex with the coordi-
nation mode of p-S [end-on, S(1)] in a bridging thiocyanate
ligand. The average Ag—S (u-S atom, end-on) bond length of
2.6979(7) A is much longer than that in other two-bridging
thiocyanate ligands with end-to-end S atoms [2.5164(9) and
2.5285(8) A] and is also longer than the value in polymeric
silver chalcogenides (2.564 A).12

Fig. 2 (a) View of the three kinds of thiocyanate ligand bridged poly-
meric chain; (b) view of the packing diagram of the polymeric
complex showing the two-dimensional array formed by
N(3)—H(1) - - - S(3) hydrogen-bonding interactions
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Fig. 3 Magnetic data for the [{Co(dpa)DMF)u-SCN),Ag},]
powder sample at 75-300 K (observed ., (] and %' @)

Each cobalt() atom is nearly octahedrally coordinated in
which the two N atoms of dpa, the O atom in the bridging of
DMF, and the N atom of the bridging thiocyanate group with
the p,-S atom define an equatorial plane around the cobalt.
The other two bridging thiocyanate ligands coordinate in
trans axial positions to this plane. The lengthening of the
Co—N(7) axial distance [2.205(2) A] is related to a distortion
towards an octahedron geometry around the cobalt() atom.
The average Co—N bond length involving bridging thio-
cyanate groups [2.141(2) A] is much longer than those in non-
bridging thiocyanates [2.032(3) and 2.055(2) A].13

The most interesting features of the structure are the three
different thiocyanate ligands present in the compound and the
formation of the two edge-shared Ag tetrahedra, which give
rise to the one-dimensional polymeric chain of cobalt(i) and
silver(r) heteronuclear complexes along the b direction. The
interchain Ag- - - Ag contact distance in the edge-shared tetra-
hedra is 3.7517 A, which is slightly longer than the weak inter-
actions of 3.641(2) A in [{AgL(MeCN),}BF,], (L =27-
diazapyrene).® The intramolecular Ag(1)---Co(1) distance is
5.398(1) A In the crystal, the two-dimensional network is
formed through the significant hydrogen-bonding interactions
between different polymeric chains [N(3)—H(1)---S({3),
3.447(2) A] (Fig. 2).

The variable-temperature magnetic susceptibility study of
the complex in the temperature range 75-300 K (Fig. 3) shows
that the magnetic behaviour of the complex obeys the Curie—
Weiss law with a Curie constant of 2.55 cm® K mol~! and a
Weiss temperature, 0, of —17.2 K. The value of p 4 at room
temperature (4.33pg) is larger than that expected for the spin-
only case of Co™ (u.¢; = 3.87pg, S = 3/2, high spin) indicating
that an orbital contribution is involved. The magnetic proper-
ties of this complex will be studied further.
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